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与 HC≡CCH(OH)CH2CH3 反应，合成了具有高反应活性的烯基锇卡拜 2-5。 
第三章主要研究锇呋喃、联烯η2-配位锇杂环化合物和锇苯的合成。烯基卡





拜 2-5 与 2-氰基苯甲醛可发生[4+2]关环反应生成锇氮杂环己二烯 4-1。在氧化剂
协助下，4-1 可转化为含环内金属杂累积多重键化合物 4-2，而在还原剂协助下，
4-2 可转变回 4-1。单晶表征数据表明两者结构相似，区别主要在于锇氮键键长
以及锇氮碳键角的不同。磁性和 NMR 数据表明 4-1 为顺磁性物质，4-2 为抗磁
性物质。推测 4-1 与 4-2 可能为一对自旋异构体。进一步的研究发现，4-1 和 4-2


















合物 4-3 与过量硝酸的反应，生成含环内锇氮杂累积多重键（ ）化合
物 5-3。而 5-3 在盐酸或氢碘酸协助下可发生金属杂累积双键在环内的迁移生成
















































Transition-metal-containing metallacycles play an important role in modern 
organic chemistry research, because of their special structures, chemical activities, 
physical properties and potential applications. In this dissertation, a number of novel 
osmium monocyclic and polycyclic complexes were prepared starting from 
alkenylcarbynes. The related mechanisms of these reacions have also been thoroughly 
studied. In addition, several key intermediates of the reaction have been isolated and 
structurally characterized. This dissertation consists of the following six chapters: 
In chapter 1, the synthetic methods and reactivities of alkenylcarbynes are 
summarized. The research progress of η2-allene-coordinated metallacycles, 
metallabenzenes, metallacycles with metal-containing cumulative multiple bonds, 
spin-state isomerism are reviewed respectively. In addition, the research objectives of 
this dissertation are presented. 
In chapter 2, the synthesis of two alkenylcarbynes has been demonstrated. In 
presence of NEt3, an osmium-hydride-alkenylcarbyne complex without phosphonium 
group was obtained by the cleavage of P–C bond in complex 2-1. In addition, the 
synthesis of an osmium-hydride-alkenylcarbyne complex 2-5 from the reaction of 
OsCl2(PPh3)3 with HC≡CCH(OH)CH2CH3 is also described. 
In chapter 3, the synthesis of osmafurans, η2-allene-coordinated metallacycles, 
and metallabenzenes is described. The osmafurans can be obtained from the reaction 
of methyl propiolate with osmium-alkenylcarbyne complexes 2-2 or 2-5. However, 
the reaction of 2-5 with excess nitriles under refluxing produces metallabenzenes, 
which open up a new approach to metallabenzenes. The key intermediates in the 
conversion of osmium-alkenylcarbyne complex to metallabenzenes have also been 
isolated and structurally characterized. Detailed mechanisms of the conversions have 
been investigated with the aid of density functional theory (DFT) calculations. DFT 
calculations suggest that the high stablility of the carbonyl coordinated complexes in 
















However, the transformation is both kinetically and thermodynamically favorable in 
the presence of relatively weaker nitrile ligand, which is consistent with the 
experimental conversion of 2-5 to 3-5 via η2-allene-coordinated osmium 
intermediates 3-6. 
In chapter 4, the [4+2] cycloaddition reactions of osmium-alkenylcarbyne 
complex have been studied experimentally. The [4+2] cycloaddition product 4-1 can 
be obtained from the reaction of 2-5 with 2-cyanobenzaldehyde. With the aid of 
oxidant, 4-1 can transform to 4-2, which can transform to 4-1 in presence of reductant. 
The X-ray diffraction characterization confirmed complex 4-1 and 4-2 differ only in 
the Os−N bond length. However, the magnetic measurements suggest the two 
complexes are in different spin-state. The two novel complexes may be recognized as 
spin state isomers. Similar product can also be isolated from the reaction of 2-5 with 
cyanoacetamide. In addition, 4-1 and 4-2 can undergo the γ-hydrogens migration to 
form the new polycyclic complex with metal-containing cumulative multiple bond. 
In chapter 5, the synthesis of monocyclic and polycyclic complexes with 
metal-containing cumulative multiple bonds is described. The reaction of complex 4-3 
with excess HNO3 obtains complex 5-3, which contains an interesting unit 
within the metallacycle. The shift of the cumulative multiple bond within the 
metallacycles can be achieved by the reaction of 5-3 with hydrochloric acid or 
hydriodic acid. In addition, other novel metallacyles containing the cumulative 
multiple bond can be isolated from the reaction of 2-5 with other cyanide reagents. 
In chapter 6, the innovation of the dissertation is concluded and the prospect of 
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过渡金属指元素周期表中 d 区的一系列金属元素，由于具有未充满的价层 d
轨道，很容易接受电子以达到 16 或 18 电子的稳定状态而形成配合物。当配合物



































1992 年，Werner 等[3]实现了烯基铑亚乙烯化合物 1-1 与烯基铑卡拜化合物
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